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No Disclosures 

Objectives 

• Review of Neuroradiology and imaging modalities 

• Discussion of ordering and appropriateness criteria 

• Discussion of interpretations and reports 

• Review of issues related to: 

– Radiation 

– MRI 

– Contrast 

– Advanced Imaging 
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Neuroradiology 

• Subspecialty of Diagnostic Radiology 

– Internship Year 

– Radiology Residency (4 years) 

– Neuroradiology fellowship (1-2 years) 

– Potential additional interventional training 

– Ongoing Maintenance of Certification with 

requalification every 10 years 

 

Neuroradiology 

• Training in use and interpretation of CT, 

MRI, plain films, neurosonography, and 

nuclear radiology related to the brain, 

spine and spinal cord, head, neck, and 

organs of special sense in adults and 

children 

• Angiography training 
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Neuroradiology 

• Radiology groups tend to fall into 3 categories: 

– Small groups of general radiologists who may or may 

not have subspecialty fellowship training but have 

minimal (<25%) continued exposure to the 

subspecialty 

– Groups of radiologists that partially sub-specialize, i.e. 

the neuroradiology trained radiologist may do NR, 

body, and MSK imaging but not mammography, 

ultrasound etc. 

– Fully sub-specialized groups.  i.e. Neuroradiologist 

will do 80 – 100% sub-specialty practice. 

 

Modalities 
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Modalities 

• CT 

• MRI 

• Nuclear Medicine 

• Ultrasound 

• Angiography 

• Plain Films 

CT 
• Spiral/helical scans 

• Multiplane reconstructions 
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CT 

• Sub-millimeter resolution 

 “Advanced” CT 

• CTA (CT Angiography) 

• CTV (CT Venography) 

• pCT (perfusion CT) 
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CTA 



April 6, 2012 

NW PADRECC - Parkinson's Disease 

Research, Education & Clinical Center 

Portland VA Medical Center 

www.parkinsons.va.gov/Northwest 8 

CTA vs. Angiography 
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CBF 

MTT CBV 

CT  

Perfusion 

MRI 

• “screening” vs. directed imaging 

• Magnet strength 

• Advanced sequences and imaging 
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• MRI configurations  

– Open 

– Wide bore 

– Standard bore 

• Magnet strengths 

– Low field (<1.5T) 

– 1.5 T 

– 3.0 T 

• Head coils 

• Noise – headphones 

• Must screen for metal 

• No x-rays or ionizing 

radiation 

• IV access if contrast 

• 30 min – 1 hour 



April 6, 2012 

NW PADRECC - Parkinson's Disease 

Research, Education & Clinical Center 

Portland VA Medical Center 

www.parkinsons.va.gov/Northwest 11 

MRI 

• Basic sequences 

– T1, T2, FLAIR, T2*(GRE), DWI 

– Post-Contrast sequences 
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MRI Vascular Sequences 

• MRA 

– Head done without 

contrast 

– Neck done with 

and without 

contrast 

• MRV 

– Head done with 

and/or without 

contrast 

MRV 



April 6, 2012 

NW PADRECC - Parkinson's Disease 

Research, Education & Clinical Center 

Portland VA Medical Center 

www.parkinsons.va.gov/Northwest 13 

Advanced MR Imaging 

• MR perfusion 

• MRS (MR spectroscopy) 

• DTI (diffusion tensor imaging)/tractography 

• fMRI (functional MRI) 
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MRI Perfusion:  

Known GBM and Infarct 

MRI Spectroscopy 
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Diffusion Tensor Imaging 

(DTI) 
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Functional MRI 

• Through changes in brain perfusion to 

active areas of cortex, we can indirectly 

measure brain activity during a task. 
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Right Finger Tapping 

Right foot/ ankle 
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Finger Tapping 
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Fish Lips 

 

Smacking Tongue 

 



April 6, 2012 

NW PADRECC - Parkinson's Disease 

Research, Education & Clinical Center 

Portland VA Medical Center 

www.parkinsons.va.gov/Northwest 20 

Language Evaluation 

• Language tests are designed to test two 

components of language. 

1. Word Generation 

2. Comprehension 

 

• Most right handed individuals are left 

dominant meaning that the left half of the 

brain has the language areas. Some 

people are bilateral, and some are right 

sided. 

 

Verb Generation Instructions: 
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Verb Generation Practice 

 

Get Ready. The letters come 

fast… 
• Slides automatically advance every 3 

seconds. 
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#### 

 

Ball 
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#### 

 

Apple 
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#### 

 

Car 
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The Result 
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Intra-operative Correlation 

• Surgeons will perform an awake 

craniotomy if indicated and evaluate 

language during resection. 

Language Areas 
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Language Evaluation 

• Wernicke’s Area 

 

 

 

• Broca’s Area 

Case Example 

• Patient was left handed, then mother 

decided he should use right hand at age 5 

for school. Been right-handed ever since. 
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Case Example 

 

Case example 

“ The Duck Fan” 
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We are not able to read your mind yet 

...but we can see  

when and where you are thinking. 

Ordering 

• Nationally – little standardization in 

terminology for studies 

– CT brain – CT head 

– Neck vs. cervical spine 

– Back vs. spine 
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Ordering 

• Imaging center (institution) variations in 

“protocols” 

– Orders 

– Billing codes 

– Protocols 

– Scans or sequences 

Ordering 

• Variations in availability of patient 

information 

– History on order 

– History from patient 

– Access to electronic medical record 



April 6, 2012 

NW PADRECC - Parkinson's Disease 

Research, Education & Clinical Center 

Portland VA Medical Center 

www.parkinsons.va.gov/Northwest 32 

The Myth of  

“I don’t want the history” 

Ordering Help 

• Discuss with radiologist 

• Discuss with imaging center/hospital 

• American College of Radiology 
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ACR Appropriateness Criteria 

• ACR Appropriateness Criteria 

(http://acsearch.acr.org/) 

– On-line access 

– Mobile apps 

• Helpful (not perfect) 

• Informative 

www.acr.org 
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Reports 

Reports –  

CONSUMER’S OPINIONS 

• Referring physician opinions about radiology 

report 

– Want reports to be complete including 

pertinent negatives 

– Want reports to be in consistent formats 

– Feel that reports in their institutions fall far 

short of these goals 

– These studies are all rather dated (5-15 years 

old) but the results are still valid today 



April 6, 2012 

NW PADRECC - Parkinson's Disease 

Research, Education & Clinical Center 

Portland VA Medical Center 

www.parkinsons.va.gov/Northwest 38 

Structured Reporting 

• Variable results from research 

– More complete v. less complete 

– Accepted v. disliked 

• Other issues 

– Transcribed  

– Voice recognition 

– Templates 

– Standard language/terminology 

Copyright (c) 2011, Radiological Society of North America, Inc. (RSNA) ALL RIGHTS RESERVED  

 

Clinical History: 

 Reason for exam, including medical necessity: 

Imaging Technique 
 Image acquisition parameters 

 Contrast materials and other medications administered 

 Radiation dose Comparison 

Date and type of previous exams reviewed, if applicable  

Observations  (Findings) 
 Extra axial spaces:  

 Hemorrhage: 

 Ventricular system: 

 Basal cisterns: 

 Cerebral parenchyma: 

 Midline shift  

 Cerebellum:  

 Brainstem:  

Other:  
 Vascular system:  

 Visualized Paranasal sinuses 

 Visualized Orbits 

 Visualized upper cervical spine 

 Sella and skull base:  

Summary (or Impression)  
 An itemized list of key observations, including any recommendations. 
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CT BRAIN WITHOUT CONTRAST, [Order Observation Time] 

 

INDICATION: [Clinical Information]  

COMPARISON: [None] 

 

TECHNIQUE: Axial CT images of the brain from skull base to vertex, including portions of the 

face and sinuses, were obtained without contrast. Supplemental 2D reformatted images were 

generated and reviewed as needed. 

ADDITIONAL TECHNIQUE:  [<None>] 

 

FINDINGS: 

Soft tissues: [Unremarkable] 

Skull/Skull base: [No fractures, deformities, or destructive lesions. Sella is normal. Mastoids and 

middle ears are clear.] 

Face/Orbits: [No fractures, deformities, or masses in the visualized portions.] 

Sinuses: [Visualized portions are clear.] 

Brain: [No significant cerebral abnormality. Specifically, no evidence of hemorrhage, 

hydrocephalus, tumor, vascular lesion, acute infarction, or intracranial injury.] 

Additional Comments: [None] 

 

IMPRESSION: 

[Normal noncontrast CT of the brain].  

 

Reports 

• “negative” or “normal” reports 

– Within the limitation of the study 

• Artifact, motion, resolution 

– Scan ability  

• i.e. acute infarct on CT 

– Conspicuity of pathology 

• i.e. marrow abnormality on T2WI  

– Range of normal 
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Ventricle Size  

in a given age group 

Range of Normal 

• Some findings are distributed 

in a Bell curve distribution. 
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Venn Diagram 
Central location only, no 

current symptoms 

Infarct 

Demyelination 

Small vessel 

disease 

Low density in 

white matter 

Single area 

involved 

Peripheral 

location only 

Part 4: Assorted Issues 

• Radiation 

• Contrast 

• Symptom specific imaging 
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Radiation 

• Primary issues: 

– Attention to dose issues for individual scan 

protocols 

– Appropriate use of imaging modalities to 

reduce dose to individual patients and 

population 

– Attention to individual cumulative dose 

– Attention to those at greatest risk 

– Radiation risk v. benefit 

Radiation 

• Attention to dose issues for individual scan 

protocols 

– Radiology and Imaging Center issue 

– Monitor and maintain quality and dose 

– Reporting of dose 
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Radiation 

• Appropriate use of imaging modalities to 

reduce dose to individual patients and 

population 

– Clinical appropriateness for scans 

– Understanding abilities of various modalities 

– Adjusting scans based on clinical need 

“Screening” studies 

• “screening” sinus 

• Whole body low dose CT for myeloma 

• “Quick Brain” MRI for hydrocephalus 



April 6, 2012 

NW PADRECC - Parkinson's Disease 

Research, Education & Clinical Center 

Portland VA Medical Center 

www.parkinsons.va.gov/Northwest 44 

Radiation 

• Attention to individual cumulative dose 

– Awareness and reporting of multiple exams 

Radiation 

• Attention to those at greatest risk 

– Children 

– Women 

– Estimated 15 – 20 year time to develop 

cancer 
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Contrast 

• CT 

– Iodinated 

• MR 

– Gadolinium based 

– Iron based 

Contrast - Allergy 

• Low incidence with LOCM (0.2% - 0.7%) 

• Myths: 

– Shellfish 

– Dairy products 

 

• Facts: 

– Significant allergies, asthma 

– Prior reaction to contrast 

– Risk v. benefit 
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Contrast - CT 

• Reactions 

– Mild – nausea, vomiting, urticarial reaction, 

pain at injection site, feeling of 

warmth/flushing 

– Moderate – vasovagal, symptomatic urticaria, 

mild bronchospasm, tachycardia, mild 

hypotension 

– Severe – respiratory distress, cardiac arrest, 

profound vasovagal, laryngeal edema, 

seizure, severe hypotension 

Contrast - CT 

• Renal 

– Risk related to: 

• Degree of pre-existing renal disease 

• Hydration 

• Risk Factors 

– Highest risk: combination of diabetes and 

renal insufficiency 

– Others: dehydration, cardiovascular disease 

and use of diuretics, advanced (<70) age, 

multiple myeloma (HOCM), hypertension, 

hyperuricemia. 
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Contrast - MR 

• Allergy - Reaction 

• No nephrotoxicity at approved dosages 

• Nephrogenic Systemic Fibrosis 

Contrast - MR 

• Reactions: 

– Very low allergic type reactions (0.004% - 

0.7%) 

– Severe reactions are exceedingly rare 

(0.001%– 0.01%) 

– No cross-reactivity to iodinated contrast 

media 

– Risks:  

• asthma and various other allergies 

• Prior reaction to gadolinium agent 
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Nephrogenic systemic fibrosis 

NSF 
• Initially noted in end stage chronic kidney 

disease 

• In 2006, association with gadolinium-

based contrast administration in patients 

with renal disease 

• Mechanism still under investigation 

• Highest risk in patients with eGFR 

<30ml/min/1.73m2 

 

When is contrast needed? 

• If you are thinking of a CT with contrast, 

you might as well get an MRI. 

– Usually the only time a CT with contrast is 

really helpful, is when a patient can’t have an 

MRI! 

 

• MRI with contrast: 

– Tumors 

– Infections 
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Neuroradiology Protocols 

• We review all orders. 

• We select the best protocol for the 

indication. 

• The more information we get in the 

indication, the better we can determine the 

optimal exam protocol. 

• We need to know what you are concerned 

about, or what you are evaluating. 

Symptom Specific Imaging and 

Neuroradiology Protocols. 
• Traumatic Brain Injury 

• Memory impairment 

• “Altered Mental Status” 

• Epilepsy 

• Acute Stroke 

• Multiple Sclerosis 

• Pituitary 

• Temporal bone/IAC 

• Trigeminal Nerve 

Most other 

indications will 

get our routine 

brain imaging 

w or w/wo 

contrast 
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Traumatic Brain Injury 

• Routine brain imagine protocols usually 

include the blood sensitive sequences  

– GRE or Gradient Recalled Echo 

– SWI or susceptibility weighted imaging 

– Contrast not needed. 

 

• Protocol is used mainly for documentation. 

 

 

 

Memory Impairment 
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Altered Mental Status 

• CT and MRI have a role. 

• CT is a screening exam for bleeds or 

masses 

• MRI is more frequently diagnostic if CT is 

negative or inconclusive. 

Epilepsy 

• First Time Seizure v. Known Epilepsy 

• 3T 

• Slice thickness is thinner. 

• Scan plane is perpendicular to temporal 

lobes. 

• In VA population, contrast is useful to 

exclude underlying masses. 
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Acute Stroke 

• CT v. MR 

• MRI only v. MRI/MRA 

• Screen or evaluate for treatment 

Multiple Sclerosis 

• Initial diagnosis v. follow-up 

• Contrast is optional 

• 3D Sequences are the future 
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Pituitary 

• Pre-test probability 

• Screening v. surgical 

planning 

• Dynamic imaging 

• Imaging is focused 

on sella. 

Temporal Bone 

• CT v. MR 

• Screen for acoustic schwannoma v. 

comprehensive exam 

• Hi-resolution T2 sequence 

• Hi-resolution post contrast images. 
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High Resolution T2 Images 

(BFFE, Fiesta, CISS) 

Spine Imaging 
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Spine Imaging 

Summary 

• Neuroradiolgy is a specialized but diverse 

field with some highly advanced 

applications. 

• Guides for the “best test” for an indication 

are available (www.acr.org), or you can 

discuss with the radiologist. 

• The more information you give us in the 

order, the more likely we are to select the 

best protocol for an indication. 

http://www.acr.org/
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Questions? 

 

Jeffrey M. Pollock MD. 
Assistant Professor of Neuroradiology 

Director of MRI and Functional MRI 

Oregon Health and Science University 

3181 S.W. Sam Jackson Park Rd 

Portland, OR 97239 

pollockj@ohsu.edu 


